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This invention relas to gauges for use  de- ing one part of an assembly by which the entire 
termining the destctive effectS of blasts such gauge proper may be inserted and withdrawn as 
as those created by bomb explosions. -More p,artic- a unit. Three equally-spaced notched lugs  are 
ully, the invention is conoeed with-- blast - riveted or otheise secured fo disc  with their 
gauge of the free-impulse piston type in which 5 nohed .porGo extending radially from. the 
one side oy of a free piston is subjected to the periphery of thedisc. Each notch is adapted fo 
ffects of a blast and ifs acceleration, velocity receive a bolt  pivoted as af 6, F. 1, fo a btock 
and..position.at any instant following pact of which maFbe seced to casing I by screws 
the blast wave are accuratly measured and in- Thus the gauge assembly may be rigidly secured 
terpreted fo determine .both..the absolute and fo fo and within the casg by turning down ing 
relative destcve eff.ects 0f e explosion. nu , and as easily removed by looseng the 
If is the main .object of 'the vention to pro-. nu and pivoting each bolt out of its notch. The 
ridé a gauge in which the/foregoing values of end closure of which disc  is a part, includes a 
acceleraGons; velocity, etc,.atthe location of the gasket 19 .which when nuts  are turned down, 
gauge may be dermined readily fo a high degree 15 effects an air-tight seal between disc  and the 
of. accuacy and inte@reted in terms of the de- end of casg, l. 
structive effects of the blast producing the'same. The aforementioned assembly includes " 
A.further object.. fo provide a gauge as afore- mounted frame wch includes three plates 
.said 0f the free-impulse .piston type wherein the 12 and I, each shaped fo have a smoo fit with- 
piston  mound for translation substantially 20 in casing l. These plates are apertured af their 
wiout friction, whereby the characteristics .of lower portio fo receive a first pair of rods 
movement thereof are a .true representation of and I, and af their upper portions to receive a 
the btt éffec af at location, second pairof rods I and I. Each of the afore- 
oer object is to provide a recordLug mech- sd.rods passes through each circular plate with 
anism whereby..the aforesaid tralation, velocity 25 a snug fitand may be secured to each plate by a 
d acceleration of the blast-respoive element pin, as indicated af I and I, for example, Fig. 
may be accurately measured and. interpreted in 1,  oehe plates and rods togeer form a frame. 
terres of the desoeuctive effects of the blast.. Foard pla 1 I is secured in any convenient 
. A further object  theprosion _of a. method mannertocloe sc $ .... 
for rapidly and aoeuraely determining the de- 30 e blast-responsive element .comprises a pis- 
strucGe.effect ofa-blast.àt.a.gien pot there- .ton 2e shown in the form of a hollow metallic 
adjacent .....   .cylinder osed by a cap 21 af its end ie casing 
A still further object is fo provide ablast-test- I, and by a .block 22 at ifs end exteor of the 
ing gauge which is relatively simple and rugged casing. The piston is mounted by anti-friction 
 construction, easfly operated in places where 35 mea for axial translation in respoe to a blast 
more .complicated gauges are impossible' or ira- wave iident upon ifs end exteriorly of casing 
practicable of use, which may be set in operation One stable .form of such mounting means is 
aumatically af a predetermined rime, and sho as-a bracket 2 in the generUl form of an 
which may be us and the results h]ferpreted inverted  rigidly attached to foard plate 
by persons having relatielylittle techcal train» 40 and havg holes in its bight portion to accom- 
g. : ' modate rods I  and I . An upper ball bearing 
Oer objects and advantages will ecome ap- ismouned upon a shaft  which extends 
parent ter a study .of the following disclosure tween the leg portions of bracket 2. 
cludg the drawing wherein: . . Each leg of the aforesaid bracket is longîtudi- 
Fig.. 1 is a central longitudinal cro section 5 .nally.bored.o slidably reive bolts 26 and 2. A 
taken on a plane indicated by the line I--J, Eig. .counrbore af the upper .end of each bore 
3, and " : .... commodutes the heads of e .bolts.. The lower 
gs. 2, 3 and 4 are cross  Sect-ions taken in end of-bolt 2. is threaded into a generàlly tri- 
planeÇ indicated by the nes 2,- and --, angular block :8. Acoil pring 2 is interposed 
respectively, 0f Fig.-l, Figure 4 being fo a smller 50 between e head of bolt 2$ .and the bottom of 
scale than Figs. 2. and 3.  . -the.coterbore, and ac to 'urge the bolt 2  and 
 Refeing in detafl to the .drawing, I identifies block  upwardlF. In a similar manner, bolt 
a casing, conveently in the form of a tnbes¢c« supports a triangular block fi and is urg up- 
Gon, and clos at one end by a, plate 2. ;ï The wardly .by ;a coil spring : L A generally square 
other end of casing I is-closed by a: sc  fore- 55 block 2 is supported from biocks.2 and ..fi, 
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shafts 33 and 34, in the manner indicated at 
Fig. 2. For example, shaft 33 is fixed atone end 
in block 28, and at the other end in block 32. 
Shaft 34 is similarly mounted. As clearly shown 
upon Fi.g. 2, shafts 25, 33 and 34 are arranged 5 
along the sides oî a triangle and shafts 33 and 3 
carry ball bearings 35 and 36. Each of the ball 
bearings 24, 35 and 38 is fixed in any suitable 
manner against translation along its shaft. Pis- 
ton 20 is mounted by and between bearings 24, 35 10 
and 38 îor almost îrictionliss axial translation. 
Because of the action of light springs 29 and 
the bearings 35 and 36 are urged upwardly and 
yielding restrain the piston against lateral more- 
ment. 15 
The rear end of piston 20 is mounted by a set 
of three ball bearings, hot shown, since these 
bearings and their mountings are duplicates of 
the ones just described, it is deemed suflicient 
merely to identify bracket 37, securely attached 2O 
to plate 12 and corresponding to bracket 23, one 
of two triangular blocks 38 corresponding to block 
28, and square block 39, corresponding to block 
32. In this manner piston 20 is mounted for 
axial translation in response fo the impingement 25 
of a blast wave against its end projecting from 
casing I. 
The stroke of the piston 20 may be limited to 
an.F, desired dimension by a buffer spring 40 sup- 
pïted îor adjustment along the axis oî the piston 30 
by a block 4 which may be mouned îor adjust- 
ment on and along rods ! 8 and  7 and held in ad- 
justed position thereon by a set screw 42. A re- 
tainoer 43 is attached fo block 4 îacing piston 20, 
and bas a recess accommodating one end of spring 
40 and holding it in alignment with a pin 
projecting from cap 21. The operation of this 
buffer feature will be obvious ïrom inspection of 
Fig. 1. The forwardmost position of piston 20 
is determined by engagement between a fiange on 40 
cap 21 and a rubber pad, 40, Fig. 1, attached to 
the rear face of plate 12. 
A hollow cylindrical record drum 45 is xed to 
a shaft 48, Fig. 2, journaledin bearings» hot 
shown, carried respectively byforward plate 
and intermediate plate 12. A record sheet such 
as a waxcoated paper may be held in position 
about the drum, by means oî spring clips such as 
47 and 48 Fig. 1. The short 48 is parallel to the 
axis of piston 20. 50 
A split collar 50, of plastic, such as methyl 
methacrylate, is clamped about piston 20 in a 
position such that, when the piston is in its for- 
ward limiting position with the fiange on cap 
in engagement with pad 49» the Co]]ar is in a 55 
transverse plane substantially coincident with 
the forward end of drum 45. A stylus, 5, Fig. 3, 
consists of a relatively stiff fiat spring having a 
sharpened scriber projecting from one end, and 
having ifs other end secured between thWtwo 60 
halves ofcollar 50. From Fig. 3 if willbe noted 
that the stylus in substantially tangent to the top 
surface of drum 45 so that the scriber or recorder 
thereoî may bear lightly upon a record sheet 
wound about the drum. -A rod or abutment 52 65 
extends between and is supported by plates 
and 12. A relatively light leaf spring 53 is se- 
cured at one end to collar 50 and extends gen- 
erally parallel -with stylus 5. This spring bears 
against the underside of rod 52 with a force 70 
which may be adjusted by a screw 54 threaded 
in spring 53 and having ifs end bearing against 
stylus 5. By this construction, the pressure of 
stylus 5 on drum 45 may be adjusted whi]e, at 
the same rime, the piston is prevented from ro 
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tating in its bearings and is limited fo transla- 
tion. 
Power means are provided to rotate drum 45 
rapidly. This means includes a midget type 6- 
volt D. C. motor 55, Fig. 1, mounted by having 
its foward end bolted to a triangular plate 58 
shown in dotted lines upon Fig. 4. Plate 58 is 
connected to intermediate plate 2, in rigid 
spaced relation therewith, by three bolts 5, and 
spacer sleeves 58. The shaft 59 of motor 55 pro- 
jects forwardly through a hole in plate 56 and 
may, if necessary, bave a bearing in plate 12. 
The end of shaft 50 carries a pinion 80 adjacent 
plate 2. This pinion meshes with an idler gear 
81, Fig. 4, in mesh with a second gear 62 splined 
or otherwise non-rotatably atached to the reduced 
end of drum shaft 48 projecting through its bear- 
ing in plate 12. Idler 51 is conveniently secured 
to a stub shaft journaled ai its forward end in a 
bearing carried by plate 12 and held against rear- 
ward movement by a cap screw 83 threaded 
through plate 58 and having a pointed end en- 
gaging the rear end of the aforesaid stub shaft. 
A series of holes may be provided in plates 2 
and 56 to accommodate the shaft of gear 61 in 
different positions for different sizes of idlers. 
By this construction, motor 55 and plate 58 may 
be taken off by removal of bolts 57, and gears 8 
and 52 replaced by gears having different pitch 
diameters so as to vary the gear ratio between 
the motor shaft and drum to suit different condi- 
tions of use. In all cases, of course, the sure of 
the pitch diameters of each substitute pair of 
gears, will be equal to the sum of the pitch diam- 
eters of gears 61 and 82. Cables 84 and 65, ex- 
tend from terminals on motor 55 to lead-in termi- 
nals 85 and 67 extending through forward plate 
I  and disc  and insulated from both. A revo- 
lution counter 73 is carried by plate 2 and 
driven from the shaft of gear 8 by means of 
bevel gears 
A packing gland comprises a collar 58 secured 
fo the forward side of disc 3 concentric of piston 
20. This collar is counterbored at its forward 
side to receive a soft leather packing element 89, 
held in place by a second collar 0. Collar 70 is 
secured fo collar 68 by screws, as indicated in 
Fig. 1. 
A tube section  has a flange ai ifs rear end 
fiush with the rim of collar 88. Cap screws 72 
pass through aligned holes in the fiange and col- 
lar and are threaded into disc 3 and plate I I fo 
rigidly unite the parts. Tube section 7 acts fo 
prevent a side-on blow upon piston 20 from the 
blast and assures that the blast wave will strike 
the piston end-on. It also acts fo prevent dam- 
age fo the protruding end of the piston in 
handling. 
In use, nuts 0 are loosened and the entire gauge 
is withdrawn as a unit from casing I. A sheet 
of record paper is clipped about the periphery of 
drum 45, block 4 is adjusted for the desired 
maximum stroke of the piston, the instrument 
is replaced in casing  and nuts 0 are turned 
down. External connections are than made fo 
terminals 66 and 67, and the instrument is 
mounted at the point where if is desired toin- 
vestigate blast effects. 
Just prior to detonati0n 6î the explosive, motor 
55 is started and, as the blast wave impinges on 
the end of piston 20, the latter is driven rear- 
wardly. Since drum 20 is now rotating rapidly, 
stylns 5 will trace a spiral curve on the record 
paper thereon. 
The destructive effect of an explosion t any 



giron point has been round to be closely propor- 
tional fo the integral of the positive excess-pres- 
sure versus time fo the point v«here the excess- 
pressure drops fo zero. This value is known as 
the "positive impulsë." .Designating the excess- 5 
pressure versus time curve by P, rime by t .and 
positive impulse by I max and taking the rime 
t af which the blast wave from the explosion 
reaches the point under investigation as zero and 
T as the rime ai which the excess pressure goes 10 
fo zero thon 
lmaX= fo TPdt, .... 
This fundamenta! equation: Inay be related.to 15 
the instrïment disclosed 5Y ietting 
M=mass of piston 2{} 
A=area of end of piston 's?abject fo the blast 
S-----distance piston bas traveled from its initial 
test position ai any rime 
Then 
" I= fotPd (I) 
Fzom the fundamental laws of motion-- 
Intégráting this expression once and solving 
for 
dS dS A rt , AI 35 
ï, =JoPa,.=. - (4) 
ntegrating (4), 
A Çt " AD 
z=j ° Idt=  4o 
Since A and  are constants o the instrument, 
the actual distance versus rime curve obtained 
upon the surface of drum 20 is directly propor- 
tional fo D. The slope o the curve ai any 
point, that is riS/dt is seen rom Equation 4 fo be 45 
proportional fo the impose . The maximum 
slope is proportional fo  max and the rime at 
which this maxum occurs is T. 
In practice the slope may be obtained by the 
use o a tungentimeter or by meuring successive 50 
values o S and computing the average value of 
the slope over small intervals o rime. om 
Equution 3 if is clear that the second derivative 
o S, or the curvutm'e, is proportional fo P. The 
measurement o pressures from the average 
curvatm'e o S is possible wih good rests when 
the duration of the présure pulse is long. 
Piston 20 my be marie oï alumin tubing 
one inch in diameter with a wall thicess of 
oe". Both ends are, of course, completely closed. 60 
e mass Di of the piston may be varied over 
wide range, fo suit different conditions o use, by 
substituting end plugs in piston 20 of different 
metals and weights; or the mass M may be 
varied by substituting solid luminum or solid 65 
steel pistons. Numerous other ways to effectively 
ulter the mass wfll occur fo those skflled  the 
art. otor  may rotate at about 3000 . P. M., 
which with a 3:1 reduction gear ratio, gives a 
drum speed of about 1000 R. P. . Dm  may 70 
bave a diameter of 2" and a length of 6". 
Courtier ]$ mukes if possible fo check the dm 
speed with u stop watch, a short rime belote the 
guuge  fo be ed. otor 
d governor and in actual use the speed bas 
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been-round fo vary less two per cent over long 
Peçiods of use. For air blast measurements the 
gaige is prefêably .mounted so that the piston 
 is af gPproximate!y :right angles to the direction 
of the.blast» that is;. edge-on. 
Gauges Construced according fo the present 
 disclosure givë-r.esults which are comparable in 
accFacY to piezoelectric or simi!ar type gauges. 
Morëovér,-heypossess certain advantaes over 
elëcrïcal. gauges, such as greater simplicity of 
conStruction and operation, trouble free opera- 
tionover a long period of use and absence of 
critical adjustments. Frthermore, gauges of the 
free'pistOn flmpuise type may be used in remote 
loclities where high voltage current is hot avail- 
able; añd the<- may be.used in connection with 
a timecontrolled switch in the circuit of motor 
5, to: oerate at any given rime even although 
unattënded. Gauges so constructed bave also 
been used with good results fo measure impulse 
veï'sus rime curves from charges detonated inside 
concrete bufldings. In such cases, the gauge is 
preferably mounted uponthe outside of a wall of 
the bilding by removing tube l and bolting 
îront plate Il fo a flange on a pipe set in the 
wall andcommunicating with the interior of the 
building. 
I bave thus p,ovided a gauge which may be 
Ued by onewith relatively llttle technical rain- 
.ing fo determine the maximum excess pressure, 
the rime ai Which said excess pressure drops fo 
zero, the second integral of the pressure-rime 
versus rime curve, the lmpulse versus rime curve, 
and the pressure versus rime curve. While, fo 
comp!y wth the requirements of the patent stat- 
ures, I hgve disclosed a speciflc form of the in- 
vention, together with a recitation of deflnite 
dimensions  and materis, ls, such should be taken 
by way of example only. and hot in a limiting 
sense, Numerous modifications and substitutions 
of equivalents wfil occur to th0se skflled in the 
art, after a study of the prescrit disclosure and 
if is my desfl'e and intention fo reserve all such 
changes as fall within the scope of the subjoined 
claims. 
ttaving fully disclosed the invention, what I 
claire and desire fo secure by Letters Patent is: 
1. A blast testing instrument comprising a 
closed casing, an elongated cylindrical piston ex- 
tending through an opening in one wall of said 
casing, anti-friction bearing means in said cas- 
ing mounting said piston for axial translation, 
gland means sealing the space between said open- 
ing and said piston fo thereby rentier said cas- 
ing air tight, a record drum journaled in said 
casing with ifs axis parallel fo said piston, con- 
stant speed power means in said casing con- 
nected fo rotate said drum, a stylus comprising 
a first leaf spring connected ai one end fo 
said piston and extending radially thereof, the 
other end of said stylus having a scriber adapted 
fo engage the surface of said drum, an abutment 
rod flxed in said casing parallel with and adja- 
cent said drum, a second leaf spring secured at 
one end fo said piston and engaging said rod fo 
thereby yieldingly urge said scriber into contact 
with said drum, and adJustable means urging 
said springs apart fo thereby vary the pressure 
of said scriber upon said drum, said springs act- 
ing fo prevent rotation of said piston. 
2. In a blast testing gauge, a frame compris- 
ing first and second plates, means secured fo 
said plaes and uniting the saine in spaced par- 
allel relation, said plates having aligned open- 
ings, a cylindrical elongated impulse piston ex- 
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tending through said openings, anti-friction 
bearing means carried by said plates and mount- 
ing said piston for axial translation, a recording 
drum journaled between said plates for rotation 
upon an axis parallel with sald piston, a motor 
carried by said second plate, gear means con- 
necting said drurn to said motor for rotation 
thereby, a collar fixed to said piston, a stylus 
tending from said collar into contact with the 
periphery of said drurn, an abutment rod fixed to 
said plates parallel with said drum, spring means 
qarried by said collar and slidably engaging said 
rod to urge said stylus into engagement with said 
drum, a casing, said plates having a smooth fit 
within said casing to locate the gauge there- 
within, one end of said piston extending through 
an aperture in the wall of said casing, and a 
packing gland surroundlng said aperture and 
making a pressure-tight seal with the cylindri- 
cal wall of said piston. 
3. In an instrument for measuring the pres- 
sure-time characteristics of a bomb blast, first 
and second mounting plates connscted in spaced 
parallel relation normal to a common axis, an 
ilongated cylindrical impulse piston extending 
through aligned apertures in said plates, bearing 
means carried by said plates and supporting said 
piston for axial translation parallel with said 
axis, each said bearlng means comprising an 
inverted U-shaped bracket secured to a respec-. 
tire one of said plates, a first shaft secured in 
and between the depending legs of said bracket, 
second and third shafts connected in fixed angular 
relation, means mounting said second and third 
shafts for movement as a unit toward and from, 
and in a common plane with, said first shaft, the 
axes of all said shafts defining a triangle, means 
urging said second and third shafts in said plane 
toward said first shaft, a roller journaled on each 
shaft, said rollers engaging the Periphery of said 

8 
piston at circumferentially-spaced points there- 
about, a casing having an aperture in one wall 
and through which said piston extends, sealing 
means effecting gas-tight contact between said 
 casing and piston, and time-controlled record- 
ing means in said casing responsive to axial 
translation of said piston relatively to said cas- 
ing. 
4. The instrument recited in claim 3, said te- 
l0 cording means including a recording drum, 
means mounting said drum for rotation on an 
axis parallel with said piston, a motor carried by 
one said plate, a driving connection between said 
motor and drum, a stylus fixed to said piston and 
15 adapted to contact a recordlng surface of said 
drum, a shaft parallel with said drum, and a 
spring arm carried by said piston and engaging 
said shaft to prevent rotation of said piston and 
urge said stylus into engagement wlth said drum. 
20 5. The instrument recited in claim 4, all said 
mounting plates, piston, drum and motor being 
removable from said casing as a unit. 
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